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ABSTRACT

This report presents a signal strength analysis of Echo If-

reflected signals during recent revolutions (2000-3500). Some Echo

I data from the same period are also included for comparison. The

signals were cw at 22.60 mc/sec reflected bistaticly. Analysis of

the instantaneous power level recordings shows that rapid and deep

fades occur more frequently than observed previously (revclution

numbers less than 2000). On some occasions ladings so severe as

to present an oscillation-like appearance between noise and saturation

levels have been observed. On rare occasions very low fluctuations

have been observed for which an explanation is given. Fluctuations of

six to ten db peak-to-peak are still present even in averaged (T = 0. i

second) signal stre .gth recording. D_.fferences as large as I0 db be-

tween measured signal strength and the calculated one have been re-

corded sometime for periods as long as one minute. The amplitude

scintillation characteristics of Echo II and Echo [ reflected signals

are very similar.
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SIGNAL STRENGTH ANALYSIS OF ECHO II-REFLECTED

SIGNALS AT Z kmc/sec

(REVOLUTIONS 2000 - 3500)

I. INTRODUCTION

This report deals with the signal strength ana].ysis of Echo !
Satellite-reflected signals. The receiving site is the Satellite Com-

munications Center of the Antenna Laboratory, The Ohio State

University, Columbus, Ohio. The transmitting site is the Collins

Space Communications Facility, Dallas, Texas. The signals originated
from the latter site in the form of CW at ZZ60 Mc/sec, and were re-

flected by the Echo satellites to the receiving site. The data presented

here, are representative of all data received during Echo II revolutions

2000 - 3500. Representative samples of Echo I-reflected signals during

the same period are also included for comparison. The main objective

of this report" is to present experimental de, ta and to describe the methods

by which the data were collected with emphasis on Echo II data. This
1

report is the continuation of an earlier effort, and brings the informa-

• tion abou_ tne characteristics of the amplitude of the received signal

up to date. This report and the earlier one are not only continuous but

they also cover the [irst 3500 revolutions of Echo II. Specifically,

signals ootained during the following revolutions are analyzed in this

report: Echo II--ZbZ6, 2653, 2816, 5040, 5483; and Echo I--18_166
and 18,966.

II. CALCULATED RECEIVED POW_£R

The theoretical received power, Pr, on an Echo link can readily

be calculated from the radar range equation for a target wl_ose scatter-

ing cross-section, _, and gain, Gt, are known:

PTGTGRGI; _k i(I) Pr =
(4=)I dR z dT z

where

1878-3 1
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Pr = received power,

PT = transmitted power_

G T = gain of transmitting antenna,

G R - gain of receiving antenna,

G t = gain of target,

= scattering cross-sectlcn,

k = free space wavelength of transmitted frequency,

d T = range to the target from transmitter,
and

dR = range from the target to the receiver.

The transmitted power, PT, during the pssses analyzed was on the

order of i0,000 watts CW. The level of the transr_{tted power during

a pass was maintained at I0 KW + I db. The gain uf the transmitting

antenna at the frequency of operation is 47. I + i db; t_.egain of _he
receiving antenna is 42 T 0. 5 db. (Both n_asuze_,euts refer to an

isotropic radiator). The gain of the target is takcn as unity. This

follows from the fact that Echo II is a predo:zainantly spherical balloon

135 feet in diameter, hence it is lar_-ie_a _ _,s ¢:.ithe wavelength

(._6 inches) used in these expert_u_nts and the bistatic angles were

less than 50 degrees. Under these cc;,alt[ons Echo II ca_ be regarded

as an isotropic scatterer and tKus the target gain is take_, as unity.

The wavelength is taken as _he corresponding to the center frequency

of operation, 2260 mc. No correction is necessary for 6_ _ler shift

since it is less than 100 kc a- ' "h_s shlft represents a ver_ _m_.ll
change in the w:_velength.

The frequency s_ability ._ th _. transmitted signal" :_r 1 part in

106/days. The short-term (les_ than one second) st-_h _ . was two

orders of magnitude better. The two ranges, d R _*-_ _ varied

typically between 1000 and 4000 ki]ome_,rs. The ,., ":_tion in the

received power level due to changes in ranges _s b_s than 30 db,

typically from -163 to -140 dbw. The homograph shown in Fig. 1

was prepared on the basis of Eq, (1), using the known parameters of

the receiving and transmitting stations for quick calculation of received

power level when the ranges are known. For example, for d R = 1500
and dT = 2500 kiloroeters the received power level is -71.5 - 75.8

-147.3 db relative to the one watt level on an Echo 1I path. Polarization

effects, e.g., CP transmissiou, VP reception, were not included in the

construction of the nomograph. In addition to the nomograph show_ in

Fig. 1, a small program is available for an IBM 1620 computer. The

inputs to the program include the ranges dR, d T as functions of time
and the output; the received power level is in terms of db relative to

the one-watt level. Figure 2 shows the plotted output of this program

as a function of time for the passes analyzed in th_s report. Figure Z

1878-3 Z
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Fig. I. A nomograph for quick calculation of received power i_-
level, Dal!as - Echo- OSU !ink.

shows the actual received power, i.e., during these particular passes

the transmitted signal was circularly polarized, but received with a

]inearly, (vertical) polarized antenna. To compensate for a polariza- --

tion mismatch such as this it is necessary to subtract three db frozn

the result obtained with the aid of Fig. I.
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IIL ME_.SURED RECEIVED POWER

A. Instantaneous Received Power

The data indicating the instantaneous amplitude of the received

signal were recorded in analog form on magnetic tape; for visual analysis

" ti.e data were re-recorded on a chart recorder. Figure 3 shows the

reproduction of this chart recording For revolution Z6Z6. The horizontal
lines are at three db intervals and the slanting line corresponds to the

calculated received po'¢er level. The received power level is calculated

on the basis of the best available measurements (estimates) of the values

of system parameters. Figures 4 a-f show samples of instantaneous

received power level recordings of Echo II revolutions 2653, 2816, 3040,
and 3483, and from Echo I revolutions 18,166 and 18,966. The salient

feature of these charts is that the instantaneous amplitude of the signal

is apparently randomly fluctuating. The discrepancy between the actual
received level and the calculated one can be _ 10 db or more. The pre-

cise measurement of th_ range of fading is limited by the maximum

instantaneous signal strength and by the dynamic range of the receiver

which is on the order of Z0 db. It can be seen that the discrepancy be-

tween the two levels quite often is at least this entire d_-namic range.

The range of fading is usua!l ¥ associated with _he surface roughness and

in general increased range of fading indicates increased surface rough-

ness. However, no Such simple conclusion regarding the actual surface
• roughness ca:_ be drawn from these records. The effect of the surface

roughness on _he amplitude of the signal is greatl 7 masked by the relative
motion of the satellite. Were the satellite perfectly smooth and perfectly

spherical, of course, there would be just a sp._cular return from the flare

spot on it without any diffuse components, regardless of what relative
motion the satellite might have, including rotational motion. Also, no

matter how rough the surface of the sateUite may be, if it had no motion

relative to the two sites of observation the returned signal would have

a stable amplitude. Echo II is neither perfectly smooth, nor is it per-

: fectly spherical; furthermore, on the basis of telemetry data it is claimed

to be rotating in addition to tb_ orbital motion. Hence, the presence cf

amplitude scintillation c:,the signal reflected by the satellite should

always be expected. The purpose here is no'. to determine the surface

roughness, but rather to present experimental data concerning the re-

ceived signal strength and indicate the amount of variations in it. It is
stated that th_ _chief cause of these amp!itude scin_.Hlation is the_ ruugh

surface of the satellite and its relative motion.

From Figs, 3 and 4 it is evident that amplitude scintillations are

continuously presen t on the signal. It is also evident tl_t the magnitudes
of these oscillations are as much as l0 db. To better evaluate the depth

1878-3 ,, 5 _ .....
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!
of fadings a one-m-;nute period from the recording taken during

revolution 2815 has been re-recorded at 10 X the speed shown in Figs.

I 3 and 4. (The response of the recorder extends u r to 70 cycles).
This fast recording of the instantaneous received power level is shown
in Fig. S. Again grid li-_es at three db intervals and the calculated

power level are shown on the data. It can be seen from this figure that
during the selected one-minute interval it is not possible to find a one-
second period during which the received power level fluctuates less than

] three db. However, many one-second periods can be found where the
amplitude of the sigral practically oscillates between the saturation and

_ the noise level. These two extremes indicate peak-to-peak amplitude
scintillation oi a_ least Z0 db. It can also be seen from this fast record-

4_

ing.. as well as from Figs. 3 and 4, that the received signal level is not

necessarily below the calculated one but it can ex.ceed that by as much

as 10 db. While the aggregate of the receiver and _ransm_tting sys*,er:

parameters is not k_-lown to an accuracy of a fraction of a db, it is safe

to assume that none of the parameters chan_e so rapidly as to cause

large enhancements several times per second, and certainly there are
no 10 db variations present at any time in either system. It is unlikely

that some irregularities in the propagating medium are causing this

1. enhancement because the frequency of Z kmc/sec is such that iono-

• spheric effects are no longer significant and atmospheric effects do

not yet prevail on a large scale, l However, surface irregularities
D

on the balloon, such as large scale indentations encompassing several

• areas of the sphere and acting like a corner reflector, or flat areas

spreading over several sections could be responsible for signal enhance-.
- ment.

_ To substantiate the above statement, which at best can be regarded \
as intelligent speculation, assume that one gore which is four feet wide

at the equator is fiat, i.e., it has a very large radius of curvature over

a 41 X 4' area. The scattering cross-section of a flat plate is approxi-

mately

k l

where

i A = the area uf the plate, m z• I

= Wavelength, meters;

and where 9 is measured from the normal to the plate to the direction

of incidence. Assuming 0 = 30 °, corresponding to an included angle of

1878-3 7
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60 ° in the bistatic case; and X. --13.3 cm, corresponding to the frequency

of operation ZZ60 MC/sec, one can calculate the scattering cross section
of the assumed Rat area as:

lk

(3) _ = 10 1og104w (4X0.3 cos 30)z = 10 logi0770 *-Z9 db.
0.133

The 29 db figure in Eq. (3) indicates that a suitably oriented
flat area of dimensions 4 _ X 4 t on the surface of the satellite would have

a scattering cross section almost as large as the scattering cross section

of the entire Ecno U. A scattering cross section of about I0 db corre-

sponds to a flat square area of about 16 inches on the side or about 3k
X3k:

gkz )z(4) i0 logz04_ --_cos 30° = 10 Iogz04_(1.1)2 --"II db.

It is interesting to point out that this 3k X 3k area is some 0. 16 m z

and the total surface area of Echo II is some 5300 m z . "_

It is known from static inflation tests that under the proposed

Inflation conditions for Echo II amplitude scintillations in the reflected

signal were on the order of 3 db peak-to-peak at S-band frequencies.

From the fact that received signal scintillations greatly in excess of

3 db have been very frequently observed it is concluded that the balloon

is not a perfectly smooth sphere, or at least it is substantially different

from the shape it presented under controlled laboratory conditions, ,
under which the static inflation tests and the associated reflected signal

measurements were carried out.

It can be seen from Fig. 5 that the instantaneous signal strength

level is predominantly above the calculated level. It was pointed out

above that the calculated level is a function of the system parameters.

Receiving system parameters can and have been checked repeatedly;

the _arameters of the transmitting site were obtaxned from published
data s and by private communication with personnel _at the Dallas site.
The calculated level and the calibration on the chart recordings in db

step_a were established by t_vo methods: (i) by calculating the sensitivity

of the system ca the basis of the narrowest bandwidth (_10 kc) in th*
system and assigning the sensltivity threshold level (i.e., -163 dbw)

to _:.edeflection caused by the noise with the antennR pointed to zenith;

and (2) by injecting a voltage of known and variable amplitude at the

30 MC IF frequency into the receiver and measuring the gains and losses

1878-3 II
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between the feed and the receiver. The two methods usually yield two
different values; the difference between them is l-Z db. Values for the

transmttSed power and transmitting antenna gain were based on the best

availabi_ data at the time. These are the reasons for including Fig. 5,

which is a fast recording of instanteneous received power level obtained

during Echo II revolution Z626. The characteristics of this signal

strength recording is apparently no different from the one shown in Fig.
5. There seems to be no significant change either ip the rate or in the
amplitude of the fluctuation. It is seen that trace reverses direction
several times in a one-second interval and fluctuations between the noise

and the saturation level are quite common. Again as in Fig. 5_ it would

be quite difficult to single out a one-second period during which the peak-

to-peak fluctuations did not exceed 3 db. However_ the calculated signal
level in this particular case is predominantly above the measured level.

Th_.s is in agreement with previous data 1'4 which indicate that the ob-

served scattering cross section of Echo II on S-band and L-band fre-

quencies is apparently one-half as large as the calculated 1330 m z . _,-

From the data available it is not possible to conclusively establish

whetl_er Echo II is sti'] predom-;nantly sm_ller in apparent scattering

cros_ section (on the basis of recordings which show that the calculated

level is above the measured levels, such as in Fig. 6) or whether there

have been some changes in the surface of Echo II causing an increase

in the received signal level (on the basis of recordings which show that

the calculated level is below the measured levels such as in Fig. 5).
However, it is noted here that the present data from revolutions Z000

to 3500 are not always in agreement with previouly reported findings.

It is found that the measured signal level can exceed the calculated
signal level when this latter level is based on the best available measure-

ments (estimates) of the receiving and transmitting system parameters.

The sample of signal strength recording taken during revolution

2653 appears to repudiate all that has been s_ated above _bout the depth

of fadings and about the freqaency with which the fadings occur. From

Fig. 4a it can be seen that during this particular revolution the fading

rate became increasingly slower until there were about one or less

maximum and minimum per second. In fact, in cmltrast to all other

samples of signal strength recordings _he received signal amplitude

appears to be relatively stable. This phenomenon has been observed

before in a quas'-monostatic, included angle of less than 10 degrees

scattering configuration. It _s known that during this same revolution

(Z653_ Collins' Facility and the Naval Research Laboratory's Facility

of Stump Neck, Maryland_ observed the same phenomenon at approxi-

mately the same time. It is thus safe to assume that the reaso_ for

these extremely slow fades is extraneous to the transmitting and re-

ceiving equipment.

1878-3 12
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Since during the two oc_urences observed the sate11{te was in

completely different sectors of the sky it is not likely that some

atmospheric or ionospheric effect would have been the cause, It is

most !ikely that the cause of these slow fades was the relative motion

of the satellite. Th_s statement appears to be substantiated by the fact

that in both instances the duration of the phenomenon was about two

minutes. A plausible explanation could be found by accepting the con-

clusion (on the basis of the telemetry data) that Echo II is rotating with

a period of some 100 seconds and then postulating that during the time

when the slow fades occured the line of sight to the satellite and its axis

of revolution were approxhnately coincident. In such a configuration
the observer would see all visible portions of the satellite to be rotating

withthe same velocity, hence there would be no doppler smear. This

doppler smear at the frequency of 2260 mc/sec and in a configuration
when the line of sight and the axis of rotation are at 90 is approximately

20 cps. The orientation of the axis of rotation of the satellite is currently

under study.

Figure 4 includes _amples of signal strength recordings which

were obtained during Echo I _evolutions 18,166 and 18,966. Echo I
has not been tracked by Ohio State University either consistently or

extensively. However, there are some data at the disposal of the author
from which these two passes were selected as representative ones. The

depth of fades which occur on an Echo I link are not unlike the ones ob-

served with Echo If. The level of the received signal strength is con-
,:J

tinuously fluctuating. The rnaxlmum fluctuations cover the entire dynamic

range of the receiver (20 db). The level of the received signal can be

below or above the calculated level by as much as I0 db. The fading

rates, expecially during revolution 18,166, appear to be slower than

those occurring on an Echo IIllnk; however_ a more accurate comparison

will be made on the basis of the power spectral density curves obtained

from the two signals. Thus, it can be said that on the basis of the

appearance of the signal stren _-threcordings the two Echo satellites

appear to be at least similar.

It is concluded tha_ on the instantaneous basis the received signal

level on an Echo link is a strongly time-dependent quantity where the

time must be dehned within a fraction of a second. There are practically

no "relatlvely quiet" periods during which the signal level would fluctuate

less than three db. The depth of fadlngs is in excess of 10 db; several

times in a one-second interval it can be as large as 20 db. No attempt

is made in this report to arrive at the rate of ladings; this question

which is the subject of another report, is better treated in terms of the

., power spectra of the signals.5 It appears, however, that the frequency
associated with the large ladings (ladings that are in excess of 10 db)

1878-3 14
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are le_s than 10 cps. Rapid fluctuations, on the order of the frequency
response of the recorder (70 cps.), can also be observed, but the

amplitudes of these, as determined independently from oscilloscopic

observations and also from oscillographic recordings are less than one

decibel. Furthermore, these rapid fluctuations could be caused partly

by the power line frequency. The appearance of the signal strength

recordings, whether obtained during Echo I or Echo II revolutions is

very similar, i.e., the magnitude of the scintillations and the frequency

with which amplitude scintillations occur are practically the same for

either satellite, indicating similar reflecting and scattering pro srties

for the Echos. The very slow fading rates observed on sonne Echo II

reflected signals probably originate from the apparent relative nlotion
of the satellite. _"

B. Averaged Received Power _--

Since the instantaneous recordings of the received power level

are not very suitable for comparison with cslcu1_ted levels because

of the large and rapid fluctuations, the data were re-recorded after

passing through a low-pass filterwhose time constant was 0.! second.

The effect of this smoothin_ operation can be seep. in Fig. 7. The same "

time interval from re_rolution 2816 that was used for the fast recording

was used for this integrated recording also. Figure 8 ._hows a similarly

integrated (V = 0.I sec.) signal strength recording obtained during

revolution Z626. The basis for selecting these two samples of signal

strength recordings was to illustrate the deviations iu the measured

power level relative ¢_Jthe calculated level. In case of revolution 281[,,

the measured signal level is predominantly above the calculated level.

On occasion this condition of excessive signal seem=; to prevail for

several seconds. If the simple explanation given above for _he increased

signal in terms of assumed flat surfaces is accepted a._at least plaus-

ibla, then it _,ppsars _hat, on basis of _igs. 7 and 8, these flat surfaces _.

are probably quite numerous and bunched together so as to provide an

enhancement in si,inal _eturn in spit_ of the re,ative motion of the

satellite. A simple analogy of these assumed flat surfaces is the device

seen in some dance halls, where a slowly rotating sphere is hung from

the ceiling and is illuminated with multicolored lights. The surface of

the sphere is studd.sd with hundreds of sm_..!l flat mirrors which .-eflect

the colored lights in many directions. It is possible for a swiftly ,moving

dancer looking at the sphere to see the same relatively intense reflection

of the illuminating ligh'_ for much larger period than could be observed by

a relatively slowly moving one. This analogy, of course, is an optical

one and is used here only as an illustration for a possiLie surface char-
/

acteristic of the reflective satellite to help account for the apparent
enhancements in the measured signal levels.

1878-3 15
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In case of revolution 7.626 the measured signal level is predomi-

nantly below the calculated level. This situation has been reported

previoasly. 1 Just as there is no simple explanation for the apparent
enhancement exhibited in Fig. 7, there may be many causes contri-

buting to the apparently low measured signal level shown in Fig. 8.

Some of these may be depolarization effects due to surface roughness,

and diffuse return of the signal rather than specular return.

It can be seen both in Figs. 7 and 8 that the large and raFid
fluctuations have been filtered out and the entire trace is smoothed.

Most of the amplitude fluctuations are in the order of 3-6 db; occasion-

all}-, say once every ten seconds, the dropouts reach 10 db; and less

often the ladings are in excess of 10 db. This filtering process with
time constant T -- 0.1 second shows that continuous variations in the

signal level up to and :more than six db are present even on that average
basis.

IV. DESCRIPTION OF THE SYSTEM

A. Receiving Site

The receiving site is at the Antenna Laboratory of The Ohio State

University in Columbus, Ohio. The station coordinates are 083 ° 0Z'

30" West longitude, 40 ° 00' 10" North latitude. The receiving ant .nna
was one of the four 30-foot aperture diameter, solid-surface paraboloids

useful for frequencies up to 15 kmc/sec. The receiving system consists
of a low-noise mixer, IF amplifiers, and frequency and/or phase-tracking

local oscillator preceded by a low-noise, solid-state parametric amplifier.

The incorn'ng signal of the final IF frequency of 455 [[c is applied to a

phase-locked demodulator, the outputs of which are directly proportional

to the modulation intelligence (AM, FM, or PM} present on the signal.
A simplified block diagram of the receiving and recording system is

shown in Fig. 9. A detailed description of Ohio State Universityts
6

Satellite Communications Center has been given -lsewhere.

B. Transmitting Site

The signals originated atZZ60 mc/sec as CW from the 60-foot

aperture diameter installation of Collins Space Communication Facility,

Dallas, Texas. A detailed description of this site, including block

diagrams of the transmitting system, can be found in reference 3.

1878-3 18
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• Fig. 9. Receiving and recording system.

'V'.. SYSTEM CALIBRATION

The measured power level is relative to the noise level of the •
system with no signal input. The calculated power level is based on \
the radar equation. The comparison between these levels was done
by expressing the levels in _.erms of the signal-to-noise ratio, S/N.
The noise figure, NF, of a receiver is given by the relationship

N R + N i
(5) NF = ,

N i

where NR and Ni are the noise components due to tne receiver and the
input no':.se, respectively. The input noise, Ni, is the product of the
ambient temperatu_ e, Boltzmants constant, and the bandwidth:

-L-

(6) N i = Tambient X I.38 × I0-_ joules × Af.
oK

• J

1878-3 19
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He nc e:
E

(7} Nr = (NF-I)Ni = (NF-I)(Z70) X 1.38 X I0 -zs X Afwatts.

One must considers however, additional contribution from the antenna

temperature. For convenience one can lump into the term Ytantenna

temperature _ the not-quite absolute zero sky toward which the main
lobes of the antenna are directed (measurements of antenna temperature

were carried out with the antenna pointing to Zenith); the back lobe pickup
from the Earth at ambient temperature; possible celestial sources in
the far side lobes; and losses in the transmission linese switches, and

connectors. The average value of the antenna temperature is 100 ° K.S_

Thus the noise power output at the receiver output is

(8) PN= N R + N A watts

(9) PN = (NF-I)Ni + N A " [(NF-I)Z70 + I00] I. 38 X I0 -_$ x Zlf watts.

The noise figure is Z. 5 db and tl_ narrowest bandwidth in the system is

IZ kc. Substituting these values into Eq. (8), one obtains

(I0) PN = [(1.78-1) 270 �I00]X 1.38 X I0 -z$ × l.Z X 10-4 watts

PN = I0 logl0 [3,73 x I. 38 X I0 -IT ] = _ 163 dbw.

The result given in Eq. (9) was used as the calibration level relative to

wretch the measured power lsvel was expressed as so many db above the
noise level of -163 db.

m==_

Alternately, a voltage of known and conveniently variable amplitude

was injected into the receiver at the 30 mc/sec IF frequency" and the
deflections on the chart recorder were observed as funct{ons of the

variations in the level of the input voltage. Then the gains and tosses

between the output of the RF feed horn and the 30 mc input to the receiver

were measured and a given input RF power level was calculated for a

given deflection which was caused by a voltage of known and vari&ble
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amplitude. This procedure resulted in a calibration scale which was

within 1-Z db of the scale based on the sensitivity threshold of -163
dbw.

VL ACCURACY OF MEASUREM.ENTS
A

A_ Antenna Gains

The calculated gain of the receiving antenna is 43 db; the measured
gain is 4Z. 0 + 0.5 db.T Several v;dues are available for the gain of the

transmitting antenna, ranging from 43.8 to 49 db. The latest available

figure as of November Z4, 1964, was 47. i db + 1 db. It was this 47.1

+ 1 db value which was :_tnally used in all calculations. The maximum

error resulting from the best determined gains of the antennas is taken
as _ 1.5 db.

B. Transmitting Power

The transmitted power was on th_ order of 10,000 watts, as

measured a_ the output of the final amplifier stage. Transmission line
" losses were about 1 db. It was learned that there were no appreciable

fluctuations in the transmitted power level during the satellite pass,

however, the aggregate of the inaccuracies in the measured power level0

and transmission line losses amounted to _+ 1 db. This is the figure that
is taken as the maximum error resl"lting from this source.

C. Bandwidth and GaLn of the Receiver "

Because of the narrow-band tunable transistor amplifier circuits

in the receivers, it was necessary to check both the tuning and the

bandwidth of these stages and the gain of the receiver prior to each pass.
It has been found that both the bandwidth and the gain varied from pass-

to pass, however it was possible to measure the bandwidth to an accuracy

of less than one kilocycle and to adjust and maintain the gain for the
duration of the pass to within one-tenth of one db. Thus, the error from

these sources is T 0. Z db.

Do Noise Ft_ure

The noise figures of the parametric amplifiers were checked prior

to each pass, their gains and bandwtdths adjusted if necessary. It was
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found that the gains and bandwidths required adjustments every few

hours; however, the noise figure as measured after the tuning procedure
remained constant within + 0.1 db, thu6 the error from this source is

+. 0.1 db. However, the practice of assigning the -163 dbw level to the

deflection caused by the nc_se, and the procedure of m_tching deflection

caused by a signal and by the noise, could have led to an error of one
db. Thus, the total error from this source is taken as +. 1 db.

E. Frequency Track

The local oscillator was either frequency- or phase-locked to the

incoming signal whose stability is 1 part in 106/day. The short-term

stability was claimed to be at least two o-ders of magnitude better on
the basis of measured drift of less than Z0 cps during a typical pass of

15 minute duration. The special receivers used to derive an error

signal for driving the antenna bad a bandwidth of less than 5 Kc thus

placing even more exactin_ requirements on the doppler tracking

servo loop in the L.O. than the actual communication receivers. It

was observed on countless occasions that when frequency- or phase-

lock conditions occurred the signals were within the pass band of the

tracking receivers whose center frequency was carefully lined up prior
to each pass with that of the communication receiver, hence were well

within the pass bands of these latter receivers; once the signal was lost
the L.O. promptly coasted away several tens or hundreds of kilocycles.

That is to say once tracking occurred the signal was very close to the

center of the pass band and when the signal was not in the pass band, no
tracking could occur. Thus, no error resulted from this source.

F. _Mechanical Tracking

The mechanical tracking of the satellite was well within one-
tenth of the beamwidth at both the transm_.tter and the receiver sites.

Receiving antenn_ half-power beamwidth is _ 1.24 transmitting antenna
half-power beamwidth is -_ 0.6 °. Figure 10 shows a monopulse error

signal recording. The vertical scale is 0.4 degrees between top and
bottom of the char_, or 0.04 degrees per 5 millimeters. The total
error from this source is, at most, f 0.1 db.

G. Polarization Effects

It iq reasonable to assume that Faraday polarization rotation

effect is negligibly small. Depolarization due to the possible rough
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surface of the balloon is currently under study and is not considered

_r,this report. The apparent polarization rotation due to changing path

geometry is not applicable in this case since the transmitted signal was
circularly polarized. At present there are no figures available on the

axial ratio or ellipticity of the polarization at the transmitting antenna.
It is assumed that outside of the three dh loss due to VP reception of a

CP transmitted signal there are no errors resulting from this source.

The following tabulation is presented as a summ_ry on the accuracy
of the measurements:

TABLE I

Antenna gain Transmitter site _ 1.0 db
Receiver site + 0.5

Transmitted power level , 1.0

Bandwidth and gain of receiver :_ 0.Z

Noise Figure and Sensitivity Level , i .0

Frequency Track _ 0.0
Mechanical Track including both sites * 0.1
Polarization Effects --

Total of TInaccuracies * 3.8 db

VII. SUMM,._RY

This report presents a signal strength analysis of Echo H - re-

flected signals during revolutions Z000 - 3500, from which five repre-

sentative samples have been chosen. An analysis of two Echo I revolu-

tions which occurred during the same time is also included for comparison.

The signals at 2.2.60 mc/sec originated iron Dallas, Texas, as cw. An

analysis on the basis of instantaneous signal strength recording and one

on basis of averaged, smoothed (T = 0.1 second) data have been carried

out. From the instantaneous record:rags it has been foand that rapid,

(several tim_:s per second) and deep fades of at least Z0 db are more

common than they were for the first 500 revo]utions. On some occasions

the ladings were so severe as to present an oscillation-like appearance

as the signal strength varied several times per second between the noise

and saturation levels. Relatively stable periods when the signal strength

recording showed peak-to-peak amplitude scintillations less than three

db were virtually non-existent. On repeated occasions very slow fading
rates were also observed. These slow fades were attributed to returns
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I
from an area that is near the polar region _f the possibly rotating

balloon. _ has been found, or.the basis of averaged data, that after
P

I a I0 cps low-pass fil_er the fluctuations stillare on the order of I0
db with continuous fluctuations of about six db peak-to-peak_ Both

i in the instantaneous and in the averaged data extended periods have• been found during which the received signal strength was below the
calculated one, and also when the measured levelexceeded the cal-

culated one. Discrepancies as large as I0 db have been noted for a

i period of at least one minute. Measured signal strength below the
f

calculated one is in agreement with previous findings, however there

i is no ready explanation for excessive signals lasting for periods ofminutes. The findings are based on the best available measurements

from the receiving site and the best available measurements and/or

estimates from the transmitting site.

The general appearance of signal-strength recordings of Echo

I- reflected signals indicate that the returns from the two satellites

are very similar. The peak-to-peak amplitude scintillations and

their rates are of the same character on signals reflected by either
satellite.

!
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